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suMhmRY

FROM -

An investigationwasconductedto determinethefloating
characteristicsoffull-lengthplain~andhorn-balancedruddersduring

*
rotarytestsat spinningattitudeson a -scalemodelofa typical
low-wingpersonal-ownerairplane.Theinvestigationalsoincludedthe
determination.oftheeffectsofthehorizontaltailandthewingon
therudderfloatingcharacteristics.

TheresultsIndicatedthattherudderwasinthewakeofthe
stalledwingandoscillatedviolentlyforthespinningangle-of-attack
rangefrom350to 57 andthatatlowerspinninganglesof attackthe
horn-balancedrudderhadmoredesirablefloatingcharacteristicsthan
theplainrudder.Neithertheplainnorthehorn-balancedrudder
wotildfulfilltherudder-deflectionrequirementforsatisfactoryspin
recoverywithcontrolsreleasedasdeterminedfromavailablefree-
spinningmodeldata.Theresultsalsoindicatedtha~,ifthetail
wasnotinthewakeofthewing,thehorn-balancedrudder”’hadmore
favorablefloatingcharacteristicsthantheplainrudderthrougha
largespinningangle-of-attackrangefora normal.sideslip-angle
range.Itwasshownthathorizontal-tailinterferenceledto an
appreciabledifferencebetweenfloatinganglesobtainedfromstatic
dataandfromrotarydata.

INTRODUCTION

A studyof availablerudderhinge-moment-coefficientdatawas
madeinreference1 to determinethefloatingcharacteristicsof
varioustypes,of ruddersinspinningattitudes.Thestudywasmade
becauseCivilAirRegulations(reference2) inforceatthetimethe

.. .. ..-. —.— —...— .-. — ----- —— --—- -.-”. —--- --- .—



2, NACATN 2359

studywasinitiatedrequiredspinrecoveryofpersonal-ownerairplanes
withcontrolsrelease& Inorderto complywiththeseregulations,the
floatingcharacteristicsof a rudder,formy giventaildesign,would
havetobe suchthatthecontrolsurfacewouldflostagainstthespin
to a positionrequiredforsatisfactoryrecovery.Restitsoffree-
spimxbgtestsonpersonal-ownerairplanedesigns(reference3)imdi.
catedthat,ingeneral,theruddermustfloatto largedeflect$.ons
againstthespinto ensuresatisfactoryrecovery.

Reference1,whichconsistedof limitedstatichinge-momentdata
availableat spinningattitudes,indicatedthattheplainrudderhad
undesirablefloatingcharacteristicsasregardsspinrecoveryandthat
useof a horn-balancedrudderappearedpromising.Inasnmchasthe
availabledatawerelhitedandthereliabilityof staticdatain
predictingrudderfloatingcharacteristicsduringa spinwasnotknown,
thepresentinvestigationwasmadeto dete~e floatingchsmacter-
isticsfromextensiverotarytestsatspinningattitudes.Forthis
investigation,rudderfloatinganglesweremeasumdduringrotation
of a typicallow-wingpersonal-ownerairplanemodelat spinning
attitudeswithfull-length(partoftherudderextendsbelowthe
horizontaltail)plainandhorn-balancedrudders.Testswerealso
conductedto determinetheinterferenceeffectsofthehorizontal
tailandthewingonfloatingcharacteristicsandthesetestswere
supplementedby sometuftstudies.A cmnparisonofthefloating
anglesobtainedfromrotarytestsandthosepredictedby statictests
is alsoincluded. ,

SYMBOLS

Theangles,velocities,andspinradiusmeasuredonanairplane
ina rightspinareshowninfigure1..

v full-scaletruerateof descent,feetpersecond
.,

Q full-scaleangulsrvelocityaboutspinaxis,revolu-,
tionsper second

‘P sideslipangleata pointon spinningairplane(positive
whenrelativewindcomesfromrightofplaneof

symmetry),degrees(sin-lg.-)
I

resultant localvelocity
plane,feetpersecond

VR
}

ata pointon spinningair-
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Vy“

a

s

shorn

b

c

H

componentofremiltantlocalvelocityperpendicularto
planeof symmetryata pointon spinningairplane,
feetpersecond

anglebetweenspanaxisandhorizontal,positivewhen
rightwingisdown,degrees

anglebetweenthrustlineandvertical(approx.equal
to absolutevalueof angleof attackatplaneof
symmetry),degrees

spinradius,distancefromspinaxisto centerof
gravity”ofairplane,feet

airdensity,slugspercubicfoot

free-streamdynamicpressure,poundspersquarefoot

areaof rudder(rearwardof

areaofhorn,squarefeet

hingeline),squarefeet .

rudderheightalonghinge=is, feet

meangeometricchordoffidder(rearwardofhingeline),
feet

meangeometricchordofhorn,feet . .
.

root-mean-squarechordof rudder(rearwardofhinge
line),feet

0 / —\

balancecoefficient
((shO&j .

.
rudderhinge-momentcoefficient@qb8

rudderhingemoment(positivewhenittends
rudderto left)

to deflect

rudderdeflectionwithrespectto fin(positivewhen
trailingedgeisdeflectedleft),degrees

‘.
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floatingangle,degrees

Subscripts:

Cg centerofgravity

t tail

MODELANDAPPARATUS

Model

Thefull-scaledimensionalcharacteristicsanda three-view
drawingofthetypicallow-wingpersonal-ownerairplanesimulatedby
themodel,whichwas~- scale,aregivenintableI andfigure2,
respectivel..y.

A plainanda horn-balancedrudderwereinvestigatedonthe
model.Thebalancedrudderhada 20-percent-areahornanda balance
coefficientB (reference4)ofO.390. Thevertical-tailplan ,
fdrmswerethesameforbothruddersandhadNACA0009airfoil
sections.Theareabehindthehingelinewasequalforthetwo
rudders;forthebalancedrudder,a hornreplaceda partoftheuwer
fin*ea. Thebottomedgeofthehornwasrounded.Dimensionsof
thefull-scaleverticaltailwiththeplainandwiththehorn-balanced
ruddersareshowninfigure3. Thefinswereconstructedof solid
pineandtherudderswereofbuilt-upconstructionofpinecoveredwith
dopedpaper.Both+ddersweremass-balanced.

Apparatus c1

Fortheteststhemodelwassetat spinningattitudesonthe
rot- balancewhichisinstalledintheLangley20-footfree-spinning
tunnelandisdescribedinreference5. A photographofthemodel
mountedontherotarybalanceis shownasfigure4. TherudderWas
releasedto floatfreelyfrom‘fillwiththespin(fullrightrudderin
a rightspin)duringeachtestbymeansof a mechahismthatwas
installedinthemodel.Thefrictionoftherudderhingesystemwas

. smallanditsinfluenceonresultingfloatingangleswasconsidered
negligible.A control-positionindicator,locatedintherearofthe
fuselage,transmittedthe.rudderfloatingpositionto a recording
oscillograph.A slip-ringandbrusharrangementincorporatedinthe
rotarybalancewasutilizedintheoperationoftherudderrelease
mechanismandforthetransmittaloftherudderfloatingposition.

.
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.

Nylontuftswereusedfortheflowstudies,andtheflowpatternswere
recordedby a stationary16-millimetermotion-picturec=eraequipped
witha telephotolens.

TESTSANDME!I’HODS

Therudder-floating-angledataofthisinvestigationwereobtained
overan’angle-of-attackrangefrom15°to 650in10°increments.For
eachangleof attack,testswereconductedforcombinationsof R6,
@, 0, md V.whichwerechosenafterastudyofthefree-spinning
resultspresentedinreference3 fora modeltypicalof a personal-
ownerairplaneandsimilartothemodelofthisinvestigation.
TableIIpresentsfull-scalevaluesof .R8, $, Q, V, ~d the “
resultingsideslipatthecenterof gravityPcg andatthetail ~
forwhichtestswereperfoimedateachangleofattackforboththe
plainandthehorn-balancedrudderforeachofthefollowingmodel
configurations:

(a)Verticaltailinthepresenceof a fuselage,horizontaltail,
andwing(completemodel)”

(b)Verticaltailin
horizontaltailremoved)

(c)Verticaltailin
tail(onlywingremoved)

thepresenceof a fuselage(wingand

thepresenceof a fuselageandhorizontal

Theaileronsweresetatneutralandtheelevatorsweredeflected
30°up fortheentireinvestigation.Themaximumm.zdderdeflection
rangewas30°rightto 30°left.Testsweremadeat anapp~ximate
Reynoldsnumberrangeof125,000to 206,000basedon themeangeometric
chordoftheverticaltailandon thelocalvelocityatthetail.

Tuftstudiesweremadeforallmodelconfigurationsonthe
outboardandinboardsidesoftheverticaltailfor-thehorn-balanced
rudderat anglesof attackof 350and45°.

Theplainandthehorn-balancedmolderswerestaticallymass-
balanced,sincecalculationsandprelhinarytestsshowedthat,‘with
a staticallymass-balancedrudder,centrifugal-forceeffectson
floatinganglesin a spinwerenegligible,.

Thevaluesof M werecalculatedata pointon,thetailbythe
‘ Vy

equationsin~=~ where VR (theresultantlocalvelocityatany

. .
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point)and Vy (thecomponentofresultantlocalvelocityperpendic-
ulartoplaneof symmet~at”anypoint)arefunctionsofthedistance
betweenthespinaxisarda givenpointonthespinningmodel.
Inasmuchasthisdistancev~ies fordifferentpointsontheairplane,
a variationin sideslipangleisobtainedovertheverticaltail;
thereforeinorderto referthefloating-angledatato a sideslipan@.eat
thetail,thesideslipatanarbitrarypointwaschosen.Thispoint
onthetailwaslocatedatthemidpointoftherudderhingeline.

\ PRESENTATIONOFRESULTS

Thefloatingcharacteristicsoftheplainrudderandofthehorn-
balancedrudderonthecompletemodelareindicatedinfigure5. The
floatingcharacteristicswiththewingandthehorizontaltailremoved
andwithonlythewingremovedareindicated-infigures6 and7,
respectively.Inthesefiguresthefloatinganglesoftheplainand
thehorn-balancedruddersarepresentedasa functionof sideslipat
thetailforspecificanglesof attack.Whenthefloatingangleswere
notsteady,themidpointdeflectionoftheoscillationswasplotted
andtherangethroughwhichtherudderoscillatedwasindicated.

Filmstripsofthetestswithtuftsontheverticaltailwith’
thehorn-balancedrudderarepresentedinfigures8 and9 foran .
angleof attackof 350 andinfigures10and11for~ angleof
attackof45°. Studiesofthetuftsontheoutboardsideofthe
verticaltail(leftsidein a rightspin)areshowninfigures8 and
10andontheinboardsideinfigures9 and11.

Resultsfortheplainrudderwhenthewingandhorizontaltail
were=moved (fig.6)areccmparedwithstatichinge-momentdata
determinedfrcmreference6 fora plain‘&udder(wing,horizontaltail,
andfuselagenotpresent)infigure12. A comparisonbetweenthe
resultsfortheplainrudderwhenonly
fromreference6 fora plainrudderin
horizontaltail(wingandfuselagenot
figure13.

thetingwasremovedanddata
thepresenceofa low&d a high
present)ispresentedin

——————. —.
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RESULTSANDDISCUSSION

FloatingCharacteristicsofthePlain

Horn-BalancedRudders

Theresultsinfigures5 to 7 showthatfor

andofthe

correspondingtests
(sameangleof attack,modelconfiguration,andrudder)forequal
valueGof sideslipangleatthetailt-hefloatinganglesingeneral
wereapproximatelythesameeventhoughthemountof sideslipvaria-
tionovertheverticaltailwasdifferentbecauseofthedifferent
combinationsof Q and V tested.Forthepracticablecombinations
of Q and V usedinthisinvestigation,therefore,thesmountof
sideslip-anglevariationovertheverticaltailwasfoundtohaveno,
appreciableeffectonthefloatingangles,andcurvesingeneralcould
be fairedthfoughthetestpointsregardlessofthecombinationof
0 and V emplo~dduringeachtestinobtainingsideslip-angle
valuesatthetail.

Completemodel.-.Therudderfloatingdataobtainedforthe
completemodel(fig.5)indicatedthat,fortiglesof attackof 150
and25°wheneithertheplainorthehorn-balancedzudderwasreleased
fromfullwiththespin,therudderfloatedto somespecificangle.
Theplainrudderfloatedwiththespinforallvaluesofoutward
sideslipatthetail,thefloatinganglebecomingprogressivelymore
withthespinastheoutwardsideslipincreased.Thehorn-balanced
rudderfloatedagainstthespinorfloatedlesswiththespinthan
theplainrudderdid. When,however,eitherrudderwasreleased
duringspinsatanglesof attackrangingfrom350to 55°,itdidnot “
floatto a specificanglebutinsteadoscillatedviolentlythrougha -
widerangeofrudderangle.Althoughtherelativeevaluationofthe
tworudderswasnotpossibleforthisangle-of-attackrange,itwould
appearthatthehorn-balancedrudderdidnothavemoredesirable
floatingcharacteristicsthantheplainrudder.At anangleof attack
of 65°,theplainfidthehorn-balsmcedruddersdidnotoscillateand
floatedatapproximatelythesamedeflections.In general,’therefore,
itwasindicatedthatthehorn-balancedrudderhadmorefavorable
floatingcharacteristicsthandidtheplainrudderforonlyverylow
spinninganglesof attack.

A studyofthetuftpicturesfortheccmrpletemodelin’figures8
to 11 showedthepresenceofturbulentflowintheregionofthe
verticaltailwhichprobablycausedtheoscillatorymotionsofthe
rudders. .
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Inan attemptto detemninethe
regionoftheverticaltailforthe
550andto accountfortheapparent

causeoftheturbulentflowinthe
angle-of-attackrangefrom350to
ineffectivenessofthehornabove

an angleof attackof25°,thefloatingcharacteristicsoftherudders
weredetemninedwiththewingandhorizontaltailremovedandwith
onlythewingremoved.

wing andhorizontaltailremoved.-Thefloatinganglesmeasured
fortheplainandthehorn-balancedrudderswhenthewingandhorizontal
tailwereremoved(fig.6)weresteadythroughoutthespinningangle-
of-attackrangefrom17 to 650..Theplainrudder,foranyspecific
angleof attack,floatedwiththespinforallvaluesofoutwardside-
slipatthetail;astheoutwardsidesl..ipatthetailincreased,the
rudderfloatedprogressivelymorewiththespinandapproacheda
deflectionfullwiththespin.As theangleof attackincreased,a
deflectionfullwiththespb wasattainedforlowervaluesof outwsrd
sideslip.Thehorn-balancedrudder,atan angleofattackof 15°,
floatedagainstthespinforoutwardsi&sl_ipvaluesupto 20°. As the
angleof attackwasincreasedupto 350,therangeofoutwardsideslip
forwhichtherudderfloatedagainstthespinprogressivelydecreased,
andfortheoutwardsideslipanglesforwhichthehorn-balancedrudder
floatedwiththespin,itfloatedlesswiththespinthan,theplain
rudder&Ld. At andabovean angleof attackof450,however,thehorn-
balancedrudder’floatedatapproximatelythessmedeflectionsthat
wereobtainedfortheplainrudder.It isthereforeindicatedthat,
forspinsat lowanglesof attack,thehorn-balanced”rudderhadmore
favorablefloatingcharacteristicsthantheplainrudder,butthe
effectivenessofthehorndecreasedwithincreasingangleof attack,
thehornbecomingcompletelyineffectiveaboveanangleof attack
of 350.

.
Thetuftpicturespresentedhereinforanglesof attackof 350

and450forthewingandthehorizontaltailremovedshowedthatthe
directionoftheflowingeneralwasspanwiseovertheverticaltail;
thesaneresultwasobtainedinreference6. Thetuftpictures
obtainedontheoutboardsideoftheverticaltail(fig.8),indlcated
thattheairflowwasgenerallysteadyforanangleof attackof 350.
Thedirectionoftheflowwasgenerallychordwise,however,forout-
wardsideslipvaluesupto approximately10°apparentlybecauseof‘the
presenceofthefuselage.As theoutwardsideslipincreasedabove10°,“
thedirectionoftheflowbec~emorespanwiseoverthetailand .
assumedapproximatelythedirectionofthefree-streamflow. Onthe
inboardsideoftheverticaltail(fig.9),theairflowwassteady
atlowvaluesofoutwardsideslipandthedirectionoftheflowwas
generallychordwiseforoutwardsideslipvaluesup to approximately
100. Forlargeroutwardsideslipangles,thedirectionoftheflow
becsmespanwise,whichis similartothedirectionoftheflowobtained
overtheuppersurfaceofa sweptbackwing.At verylargeanglesof

.

.

.
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sideslip,theverticaltailgenerallybecsmestalled.At anangleof
attackof 450(figs.10and~), itwasindicatedthat,ingeneral,the
flowonbothautboardandinboardsideswassimilarto thatobtainedat
anangleofattackof 350. At thehigheran@e ofattack,however,the
flowbecamemorespanwise;thisresultwasmoreclearlyillustratedin
reference6. Itisthereforeindicatedthattheeffectivenessof the
horninmakingtherudderfloatagainstthespin(fig.6)wasdecreased
astheflowbecamespanwise.

Effectofhorizontal-t&1andwingtiterference.-Thefloating
anglesobtainedwiththeplainandthehorn-balancedrudderswhenthe
wingwasremoved(fig.7)weresteadythroughouttheangle-of-attack
rangefrom15°to 650. Thepresenceofhorizontal-tailtiterference
onthefloatingcharacteristicsof therudderiaclearlyindicatedby .
comparingfigure6,(wingandhorizontitailremdved)withfigure7
(wing‘removed). 1

Fortheplainru~er throughouttheangle-of.attidrangefrom15°
to 65oforoutwardsideslipsup toapproximately~o, theeffectof
thehorizontaltailwasgenerallysuchthattherudderfloatedat
deflectionswhichwerelesswiththespinthanwereobtainedwiththe
horizontaltailremoved.Thetdifferencein floatingtendencywhen

, thehorizontaltailwasonandwhenitwasoffgenerallyincreasedas
theangleofattackwasincreased;thisincreaseindicatedthatthe
horizontal-tailinterferencebecamegreater.Foranglesofattack
of 45°and55°whentheoutwardsideslipwas10°or less,however,a
reverseinterferenceeffectof thehorizontaltailwasindicated.No
immediateexplanationcouldbe foundforthiscondition.

As wasthecasefortheplainrudder,theinfluenceofthe
horizontaltailwas,suchas tomakethehofi-balancedrudderfloatat
deflectionslesswith(orfartheragainsb)-~hespinthanwereobtained
withthehorizontal.tailremoved.Also,forthehorn-balancedrudder
atanglesofattackof450and55°,a reversehorizontal-tailinter-
ferenceeffectwasindicatedforoutwardsideslipslessthan100. The
dataindicatethattheeffectofhorizontal-tailinterferencewassuch
thatthehorn-balancedrudderhadmorefavorablefloatingcharacteristics
thantheplainrudderthrougha brger angle-of-attackrange(upto55°)
fora normalsideslip-anglerange.Thisresultmightbe explainedby
thefactthatthehorizontaltaildecreasedtheeffectivenessof the
rudderareabehindthehingelineandthusincreasedtherelative
effectivenessofthehorn.

A comparisonofthetuftsforthe‘configurationswiththehorizontal J
tailonandoffatanangleofattackof 350(fig.8) indicatesthatfor
outwardvaluesof sideslipthehorizontaltailmodifiedtheflowover
theoutboardsideoftheverticaltailjustabovethehorizontaltail.

1
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Ontheinboardsideof thefin(fig.9),itisindicatedthat,forthe
conditionwiththehorizontaltailon,therudderbecomesstalledat
lowervaluesofoutwardsideslipthanwereobtainedforthehorizont@-
t.ail-offcondition;therudderbecamestalledat lowervaluesofoutward.
sideslipbecause,aswasindicatedpreviously,forthehorizontal-tail-
onconditiontherudderfloatedfartheragainstthespinandtherudder
thereforewaseffectivelyata highercontrol-surfaceangleofattack.
Atanangleofattackof 450(figs.10andD), theflowwassimilarto
thatobtainedatan angleofattackof 350exceptthata greatervertical-
t.ailareaontheoutboardsidewasaffectedby thehorizontaltail.
Thishorizontal-tailinterferencewasborneoutby pressure-distribution
measurementsperformedona rotatingmodelofa completeairplsmeatan
angleofattackof 600whicharepresentedinreference7;fortheangle
ofattackandtailconfigurationinvestigatedinreference7,the
verticaltailsurfaceswerecompletelyintheregionof theseparated
flowfromthehorizontal-tailupper(suction)surface.Itwasalsoshown
thatthenegativepressmesontheuppersurfaceof thehorizontaltail
werehigherontheoutboardthanontheinboardhorizontaltail;this
differencewascausedby theloweranglesofattackovertheoutboard
horizontaltailina spin.Sincetheverticaltailsurfaceswereinthis
pressureregion,thenegativepressuresweregreateron theoutboardthan
ontheinboardsideof theverticaltail. Therefore,therudderfloated
moreagainstthespinsincetheeffectofthehorizontaltailwassuch
thata largernegativepressurewaspresent on theshieldedoutboard ,’

sidethanontheshieldedinboardsideoftherudder.

Inthisinvestigation,theassumptionwasmadethattherudder,
fora giventaildesign,thatfloatsfarthestagainstthespin(left
ina rightspin)istherudderthathasthemostdesirablefloating
characteristicsforspinrecoverywithcontrolsreleased.This
assumptionwasmadeonthebasisthattheanti-spinyawingmoment
contributedby therudderwilJbe ticreasedas theruddermoves
fartheragainstthespin. Itshouldbe mentioned,however,thatifa
rudderfloatsfartheragainst%hespinforonetaildesignthanfor
anotherbecauseofhorizontal-t&1interference,itmaynotnecessarily
indicatethatthetaildesignforwhichtherudderfloatedfarthest
againstthespinisthemorebeneficialforspinrecoverywithcontrols
released.Forinstance,thetotalyawingmoment-contributedby a
partial-lengthrudder(rudderdoesnotextendbelowthehorizontaltail)
mightbea pro-sp+nyawingmomentiftheentirerudderareawereinthe ,
pressureregionof thehorizontaltail,sincethesamepressurediffer-
entialwhichcausestherudderto floattoa positionagainst‘thespin .
alsoresultsina pro-spinyawingmomentaboutthecenterofgravityof
theairplane.

Thepresenceofwinginterferenceeffectsonthefloatingcharacteri-
sticsoftheruddersisindicatedbycompartigfigure7 (wingremoved)
withfigure~ (completemodel).At anglesofattackof 15°and~o,
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theadditionofthewingresultedintheplainandthehorn-balanced
rudders’floatingat deflectionsthatweremorewiththespinthanthoses
obtainedwiththewingrenmved,andfortheangle-of-attackrangefrom
35°b 55°bothruddersoscillatedviolently.A studyofthetuft
picturesforanglesofattackof 350and45°showedthatthepresence
ofthewingresultedinturbulentflowintheregionofthevertical
tailandindicatedthatthewakeof thestalledwingblanketedthetail
andcausedtheerraticoscillatorymotionsof‘therudders.At an angle
ofattackof650,thefloatinganglesweresteadyandapproximately
thesam floatingangleswereobtainedfortheconfigurationswiththe
wingonandoff;thisfactindicatesthatthetailwasnotinthewake
ofthewingforthisangleofattack.

SpinRecoverywithCcmtrolsReleased

As indicatedpreviously,reference3 gavesomeindicationsofthe
deflectionstowhichtheruddermustfloatforsatisfactoryrecovery
withcontrolsreleased.Therudderpositionandothercontrolpositions
requiredforsatisfactoryrecoverywereshowntobe dependentuponthe
center-of-gravityposition,theloading,andtheamountof taildamping
oftheairplane.lhgeneral,aileronstendtofloatwiththespinas
tidicatedinreference8 andunpublishedresults,andelevatorstend
tofloatat updeflections(reference1)aftercontrolreleasefrom
spinningattitudes.Reference3 Indicatedthatfortheseailqronand
elevatordeflectionstheruddershouldfloatto lemgedeflectionsagainst
thespininordertoobtainrecoveriesfromspinswithcontrolsreleased.
Therudder-deflectionrequirement,however,wasnotfulfilledby the
plainorhorn-balancedrudderonthelow-wingairplaneconfiguration
investigatedherein.Fora high-wingconfiguration,theangle-of-attack
rangeforwhichwing”interferenceisobtainedmaybe decreased,buteven
withoutwinginterferencethehorn-balancedrudderwouldnotfulfillthe
rudder-deflectionrequirementforre’cove~tithelevatorsup andailerons
withthespin.Somedeticethereforeseemstobe necessaryformovement
oftheelevatorsor aileronsto a positionforwhichtherequirementof
rudderfloafingdeflectionsforrecoverywouldbe lessstringent.

ComparisonofRudderFloatingAnglesDeterminedfrom

StaticandfromRotary‘J!ests

Inorderto comparefloatinganglespredictedbystaticdatawith
thoseobtainedfromrotarytests,ananalysisofavailablecomparable
datawasmade. Thiscomparisoncouldbemadeonlyfortheisolated
verticaltailandtheverticaltailinthepresenceofa horizontaltail.

. ! .._
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Thecurvespresentedinfigure6 fortheplainrudderwithwing
andhorizontaltailrewvedarecomparedinfigure12withcurves
obtainedfromstatichtige-momentdatapresentedinreference6 fora J

plainrudderonan isolatedverticaltail. Thisfigureshowsthatfor
therotarydatatherudderfloatedatneutralfor0° sidesl.ipexceptat
anangleofattackof 15°andthatthefloatinganglesobtainedduring
rotarytestsandthefloatinganglesdeterminedfromstatictestswere
generallyingoodagreementexceptat anangleofattackof 150. fira
largespinningangle-of-attackrange,thesideslipvalueat thearbitrary
reference@_nt on therudder(pointchosenforcalculatingsideslipat
tailforrotarytests)wasthereforeapproximatelyequaltotheeffective
sideslipoverthetail.

.

Curvesforanglesofattackof l~o,25°,and35°(presentedin
fig.7)fortheplainrudderwithonlythewingremovedarecompared
infigure13withcurvesobtainedfromstatichinge-momentdatapre-
sentedinreference6 fora plain.rudderona verticaltailinthe
presenceof onlya horizontaltiilhavinga lowanda highpositionon
theverticaltail.Although.adiscrepancybetweenfloatingangles
determinedfromrotaryandstatictestswasobtainedonlyatan angle
ofattackof 15°whenthehorizontaltailwasremoved,figure13 indi-
catesthat,inthepresenceofa horizontaltail,discrepanciesbetween
thefloatinganglesexistedthroughouttheangle-of-attackrange
presented.Therudderd~ingrotarytestsfloatedat deflectionswhich
werelesswiththespinthanthoseobtqinedduringstatictests.Itwas -
mentionedpreviouslythatreference7 showedthatduringrotarytests
thenegatinpressureovertheuppersurfaceofthehorizontaltailis
greaterontheoutboardsidethanon theinboardsideofthehorizontal
tailandtherudderareashieldedby thehorizontaltailliesinthis
differential-pressureregion.Itwasalsoshowninreference7 that
thisdifferentialpressmedoesnotexistduringstatictestsandthat
thisdifferentialpressureduringrotation,therefore,wasduetoa
variationofangleofattackalcmgthes@n of,thehorizontaltail.
Sincethisdifferentialpressuxecreatesa-momentwhichtendstomove
therudderina directionwhichislesswiththespinandbecausethis
differentialpressureduetorotationisnotpresentduringstatictests,
itwouldbe exp-ected,as isshowninfigure13,thatinrotarytests
therudderswouldfloatat deflectionswhicharelesswiththespin
thanthoseobtainedinstatictests.Rudderfloatingcharacteristics1
forstaticandrotarytests,therefore,willdifferwhenhorizontal-
tailinterferenceispresent.Thehingemomentspresentedinrefer-
ence6 fortheph$n rudderinthepresenceofa horizontaltailbecame
verysmillabovean angleofattackof 300becauseoftheshieldingof
thehorizontaltail,andthefloatingcharacteristicswereirregularand
inconclusive.Thecomparisonbetweenfloatinganglesdeterminedfrom
rotaryandstatictestswas,therefore,notextendedbeyondanangleof
attackof 35°. .Z

. . —-. -- .-—. -—-—--——— --—
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CONCLUSIONS

Thefollowing
spinningattitudes

conclusionsarebasedon floatinganglesobtainedat
duringrotarytestson full-lengthpldn andhorn-

balanced rudders on a >-scale modelb,
ownerairplane:

1. Thehorn-balancedrudderhad
isticsthantheplainrudderforlow

of.atypicallow-mbigpersonal-

moredesirablefloatingcharacter-
spinninganglesofattack(150

to 250),andat highersp~g anglesofattack(35°to55°)both
rudderswereinthewakeofthestalledwingandoscillatedviolently..

. 2.NeitherrudderwouldfulfiXltherudder-deflectionrequirement
forsatisfactoryspinrecoverywiththetypeofaileronandelevator
deflectionsthatarepresentwithcontrolsreleased.

3. Withnowinginterference,thehorn-balancedruddergenerally
wouldhavemorefavorablefloatingcharacteristicsthantheplainrudder
througha largeangle-of-attackrangefora normalsideslip-anglerange.

4.Horizonal-t.ailinterferenceledtoanappreciabledifference
betweenfloatinganglesob~inedfromstaticdataandfromrotarydata.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

Iangl.eyField,Vs.,February12,1951

\
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.

Length,

wing:
span,
Area.

TABLE1.-DIMENSIONALCHARACTERISTICSOFTHESIMULATED

FULL-SCALEAI’RPLANE

over-all, ft . .
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0
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Figure1.-Illustrationoftheangles,velocities,andspinradiusas
measuredon.anairplaneina rightspin.Bodyaxesarealsoshown.

>—..- —--. -—— — —.. _ —.- —— .._ —. - .. ——— _



NACATN2359

k 22.40’

2Q74’ —

IFusefoge
referenceEne 5.32’

h, 4
233

L“ Rudder
hinge line

Figure2.-Three-view drawingofthetypicalpersonal-ownerairplane

simulatedby the~ -Bcalemodel.
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Note:0.30” gap betweenrudder
andfin surfaces.

7Ploinrudder

/

Tap of fuseiage/

1.09’ I

I

— Rudderhingeline

532’

.

IM—~1.66’

I I

Figure 3.- Sketchoftheverticaltailwiththeplainandwiththehorn-
bal.ancedrudder.
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Figure 4.- Photograph of the model mounted onthe rotary balance.



1



NAC!ATN 2359 23

+ I I I # ,

RQ I
-30— (d tpd F;=)

_ ~ 3.5 ,65 /36
El6,0 .4.5 126

8’ -20
u
“oII

-UC -j~
m!r
~“
ocu
Cr
.-
; .
0
G= /0
k
;
u

20“

30

/0 5 0 -5 -/0 -/5 -20 -25

Angleofsideslip$~pdecj

(a) a = 15°.

Figure5.- Plain-rudderandhorn-balanced-rudderfloatinganglesfor
completemodelconfigurationasa functionof sideslipatthetailfor
specificanglesofattack.(Unflaggedsymbolsdenoteplainrudder;
fhaggedsymbolsdenotehorn-balancedrudder.PlottingoftestdataiS
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Wingandhorizontal
tailremoved

(a)

Wingremoved Completemodel

=s=
Pt = I-.7° (test 67). L-69096

Figure8.- Motionpicturesoftuftson outboardsideoftailforallmodel
configurations.Horn-balancedrudder;angleofattack,35°.
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Wingandhorizontal
tailremoved

(b)

Wingremoved

~t= -3.3°(test58)

Figure8.- Continued.

Completemodel

-

L-69097
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Wingandhorizontal
tailremoved

0
(c)

Wingremoved

Pt= -10.3°(test49).

Figure8.- Continued.

45

Complete model

v
L-69098
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Wingandhorizontal
tailremoved

.. .

47

1

Wingremoved

(d) ~t= -18.5° (test 62).

Figure 8.- Continued.

Complete model

~

L-69099
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Wingandhorizontal
tailremoved

.

Wingremoved Completemodel

(e) Bt= -23.5° (test 53).
=S$=

Figure8.- Continued. L-691oo
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<

z

.

Wingandhorizontal Wingremoved
tailremoved

(f) $*= -30.60(test44).

Figure8.-

I

Concluded.

Completemodel

.
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wingandhorizontal
tailremoved

Complete model
.‘-+&--’

(a) Bt =1.7° (test67). L-69102
Figure 9.- Motionpicturesoftuftson inbmrdsideoftailforallmodel

configurations.Horn-balancedrudder;angleofattack,35°.
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Wingandhorizontal
tailremoved

,-,

Wingremoved

(b) 13t=-3.3° (test >8).

Figure9.- Continued.

Complete, model

L-69103
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Wingandhorizontal
tailremomd

Wingremoved

(c) pt=-10.3° (test 49).

Figure 9.- Continued.

57

Complete model

-

L-6gIol+

.—.— —.— —
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.

Wingandhorizontal Wingremoved
tailremoved

(d) FJt=-18.5° (test 62).

Figure 9.- Continued.

Complete model

=w=
L-69105

.—— — —.
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Wingandhorizontal
tailremoved

Wingremoved

(e) 13t=-23.5° (test 53).

Figure 9.- Continued.

Complete model
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Wingand horizontal
tail removed

Wingremoved

(f)1+,=-30.6° (test 44).

Figure 9.- Concluded.

Complete model
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Wingandhorizontal
tailremoved

Figure

Wingremoved

(a) pt = -7.7° (test92).

Completemodel

L-69108
lo.- Motionpicturesoftuftsonoutboardsideoftailforallmodel
configurations.Horn-balancedrudder;angleofattack,45°”
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Wingandhorizontal
tailremoved

67
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Wingremoved Complete model

(b) j3t=-13.3° (test 83).
~

Figure 10.- Continued. L-69309
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Wingandhorizontal
tailremoved

Wingremoved

(c) pt = -21.3°(test81).

Figure 10.- Continued.
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Complete model

=s=
L-6911o

- ---- _—. —



k

.

,.

,



21 NACATN 2359 n

Wingandhorizontal Wingremoved Completemodel
tailremoved

(d) f3t=-29.0°(test72).
T

Figure10.- Concluded. L-69111
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Wingandhorizontal
tailremoved

Wingremoved

(a) Bt= -7.7° (test 92).

Completemodel

~
L-69H2

Figure11.- Motionpicturesoftuftson inboardsideoftailforallmodel
configurations.Horn-balancedrudder;angleofattack,45°.
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Wingandhorizontal
tailremoved

Wingremoved

(~) Pt=
Figwe

-13.3° (test 83).

11.- Continued.

Completemodel

=$s=
L-69113
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Wingandhorizontal Wingremoved Completemodel
tailremoved

(c) Pt =-21.3° (test 81).

Figure11.- Continued. L-69m
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Wingand horizontal Wingremoved
tail removed

(d) 13t= -29.0°(test 72).
Figure11.- Concluded.
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Figure12.- Comparisonofplain-rudderstaticandrotarydataobtained
withouta horizontaltailandwing.Rudderfloatinganglesplotted
asa functionof sideslipatthetailforspecificanglesofattack.
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Figure 13. - Comparison of plain-rudder static and rotary data obtained’
without a wing. Rudder floating angles plotted as a function of
Gidealip at the tail for specific angles of attack.
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